A phosphorylated protein (NP-1) with an Mr of 28,000 has been detected in nuclei of bovine parvovirus (BPV)-infected cells in association with chromatin. No protein in this size range was detected after infection of appropriate cells with several autonomous rodent parvoviruses although the BPV-specific protein is similar in size to noncapsid proteins associated with rabbit parvovirus or adeno-associated virus infection. Structural homology between NP-1 and a BPV capsid protein could be detected by electrophoretic analysis of the products of proteolysis with chymotrypsin. This protein can be detected after in vitro translation of RNA from BPV-infected cells and BPV-specific RNA. Homology between the in vivo-and in vitrosynthesized species was shown by the similarity of the chymotryptic products.
Bovine parvovirus (BPV) is one of the autonomous parvoviruses, which as a group show a requirement for host cell passage through the S phase of the cell cycle for their replication (2) . The genome of BPV is single-stranded DNA, 5.5 kilobases in size (1.6 x 106 daltons) (19) . The virion contains four polypeptides of M, 80,000, 72,000, 62,000, and 60,000 (9) . The virion proteins have been shown to have amino acid homology by serological methods and by partial proteolysis (9) . This type of homology has been noted for minute virus of mice (21) and for the capsid proteins of adeno-associated virus (AAV) (10) , one of the group of defective parvoviruses which require helper virus for productive infection.
Noncapsid proteins coded by parvovirus genomes have also been detected. Buller and Rose detected two polypeptides of Mr 25,000 and 15,000 in AAV-infected cells and as in vitro translation products of AAV RNA (4, 5) . Mitra et al. (12) found three in vitro translation products of RNA from Kilham rat virus-infected cells of Mr = 38,000, 32,000, and 21,000. Astell et al. (1) reported that Cotmore and Tattersall detected two noncapsid proteins (85,000 and 25,000 daltons) in cells infected with minute virus of mice. Rhode and Paradiso have found an in vitro translation product of H-1 RNA (84,000 daltons), which immunoprecipitates with sera from infected hamsters but not with antivirion antiserum (18) . A phosphorylated noncapsid protein of 71,000 daltons from Aleutian disease virus-infected mink cells shows a similar immunoprecipitation pattern (3). Matsunaga and Matsuno (11) have identified two noncapsid proteins of 25,000 and 22,000 daltons in rabbit parvovirus-infected cells which share amino acid homology and, in contrast to the H-1 and ADV noncapsid proteins, were immunoprecipitable by anticapsid antibody. We report here the appearance of a noncapsid protein (NP-1) in BPV-infected cells, its translation with BPV-specific RNA as template, and its structural relationship to BPV capsid proteins.
(A preliminary report of a portion of this work has been presented [J. T. Patton, R. C. Bates, and E. R. Stout, Abstr. Annu. Meet (20) , and, for electrophoresis, the pellets were resuspended directly in gel application buffer (8) and sonicated to disrupt DNA.
Studies of the subcellular distribution of NP-1 followed a modification of the fractionation protocol of Tremblay et al. (22) . Cells were fractionated into nuclei and cytoplasm as described by Pritchard et al. (16) . The nuclei were resuspended in 50 mM Tris-chloride (pH 7.5)-S5 mM MgCl1-25 mM KCI-3 mM DTT and lysed by addition of an equal volume of 0.2% Sarkosyl. The suspension was layered over 4 ml of 15% sucrose over 40% sucrose in the same buffer and centrifuged in an SW27 rotor at 25,000 rpm for 60 min at 4°C. The nuclear membrane (the band forming at the interface), the chromatin (pellet), and the nucleoplasm (material remaining at the top of the gradient) were electrophoresed on 7 to 15% linear gradient sodium dodecyl sulfate (SDS)-polyacrylamide gels, and the distribution of NP-1 was determined from densitometric tracings of autoradiograms.
Electrophoresis and autoradiography. SDS-polyacrylamide gel electrophoresis was carried out by the method of Laemmli (8) . Gels containing 3-P were exposed to Kodak XAR-5 X-ray film either directly or with a Cronex Lightning- thionine were fluorographed with En3Hance (New England Nuclear Corp., Boston, Mass.) and exposed with an intensifying screen. Gels were stained with 0.2% Coomassie brilliant blue R (Sigma Chemical Co., St. Louis, Mo.) in 50% methanol-10% acetic acid and destained in 30% methanol-10% acetic acid.
In vitro translations. RNA from BPV-infected cells was translated in a message-dependent rabbit reticulocyte lysate as previously described (9) . BPV-specific RNA was prepared by hybridizing 2 mg of infected cell RNA to 50 pg of BPV viral DNA covalently bound to 500 mg of epoxycellulose (13 Proteolytic analysis of the relation of NP-I to BPV capsid proteins. To detect possible structural homology between NP-1 and BPV capsid proteins, the partial proteolysis products of NP-1 and both the 80,000-(VP1) and 62,000-dalton (VP3) capsid proteins were compared. Previous studies on amino acid homology among the BPV capsid proteins had used Stalphylococcus aiur-eius V8 protease (9) . However, only two species very close in molecular weight were detected as proteolysis products of NP-1 with this enzyme. The action of chymotrypsin on NP-1 gave numerous bands, two of which were identical in migration to bands obtained after treatment of VP1 with this enzyme (Fig. 2) . No homologous bands between NP-1 and VP3 were detected with this enzyme (data not shown).
Determination of the genome coding for NP-I. The appearance of NP-1 after viral infection and its amino acid homology to a capsid protein suggested that this protein was coded by the viral genome. We have previously detected three polypeptides in the M, range of 25,000 to 30,000 as immunoprecipitation products of in vitro translation of cytoplasmic RNA from BPV-infected cells with either anticapsid IgG or IgG from BPV-infected calves and of BPV-specific RNA with anticapsid IgG (9) . To determine whether one of these low-molecular-weight species might be NP-1, RNA from BPV-infected cells was translated in vitro in a messagedependent rabbit reticulocyte lysate, the reaction immunoprecipitated first with preimmune IgG and then with anticapsid IgG. An eluate of the immune precipitate was electrophoresed (Fig. 3, lane 2) in parallel with a [35S]methionine-labeled lysate of BPV-infected cells (Fig. 3, lane 1) . One of the three low-molecular-weight in vitro translation products had the same electrophoretic mobility as NP-1. To determine the genome coding for NP-1, a portion of the same RNA preparation was hybridized to BPV virion DNA which had been covalently attached to epoxycellulose (13) . Of the input RNA, 0.5% bound to this material. The nonhybridizing RNA (presumably bovine cell RNA) and the BPV-specific RNA were also translated and immunoprecipitated as described above for total cytoplasmic RNA. The -Nlypeptide corresponding to NP-1 was detected as a translation product of BPV-specific RNA (Fig. 3, lane 5) but not as a product of RNA which did not hybridize to BPV DNA (Fig. 3, lane 4) . No polypeptides were observed in a translation reaction from which RNA was omitted (Fig. 3, lane 3) .
Proteolytic analysis of the relation of in vivo-labeled NP-1 to in vitro translation product. To confirm the identity of the in vitro product with NP-1 synthesized in infected cells, the chymotryptic peptides of these species were compared (Fig.   4 ). There are several bands in common (arrows) between the [35S]methionine-labeled protein isolated from a gel of a lysate of infected cells (Fig. 4, lane 3) and the [35S]methionine-labeled in vitro translation product (Fig. 4, lane 2) . There are also bands (crossed arrows) with the same mobility as proteolysis products of in vivo 32P-labeled NP-1 (Fig.   4 , lane 1) and [3 S] methionine-labeled in vitro translation product (Fig. 4, lane 2 
